Nutrients are primary requirements for development of conceptuses (embryo and extraembryonic membranes), including protein synthesis. We have shown that arginine (Arg), leucine (Leu), and glucose stimulate protein synthesis through phosphorylation of MTOR signaling molecules, thereby increasing proliferation of ovine trophectoderm cells. This study determined whether Arg, Leu, glutamine (Gln), and glucose influence gene expression and protein synthesis in explant cultures of ovine conceptuses recovered from ewes on Day 16 of pregnancy. Conceptuses were deprived of select nutrients and then cultured with either Arg, Leu, Gln, or glucose for 18 h, after which they were analyzed for abundance of MTOR, RPS6K, RPS6, EIF4EBP1 (also known as 4EBP1), IFNT, NOS2, NOS3, GCH1, and ODC1 mRNAs and proteins. Levels of MTOR, RPS6K, RPS6, and EIF4EBP1 mRNAs were not affected by treatment with any of the select nutrients. Similarly, expression of IFNT, NOS2, NOS3, and ODC1 mRNAs were not different. Interestingly, GCH1 mRNA levels increased in response to Arg treatment. Importantly, Arg, Leu, Gln, and glucose increased the abundance of phosphorylated MTOR, RPS6K, RPS6, and EIF4EBP1 proteins as well as NOS and ODC1 proteins, but only Arg increased the abundance of IFNT protein. These findings indicate that Arg, Leu, Gln, and glucose stimulate translation of mRNAs to increase synthesis of proteins through phosphorylation and activation of components of the MTOR signaling pathway. Increases in abundance of IFNT protein (the pregnancy recognition signal), NOS2, NOS3 and GCH1 for conversion of Arg to nitric oxide, and ODC1 for synthesis of polyamines are all important for growth and development of the ovine conceptus during pregnancy.
INTRODUCTION
In sheep, blastocysts undergo morphological transitions from spherical to tubular and then elongated filamentous conceptuses (embryo/fetus and its associated extraembryonic membranes) during the peri-implantation period of pregnancy [1, 2] . During the peri-implantation period, elongation of ovine conceptuses is dependent on uterine secretions, referred to as histotroph, a complex mixture that includes growth factors, hormones, cytokines, ions, lipids, glucose, and amino acids [3, 4] . Nutrients, including glucose and amino acids, are components of histotroph required for energy, metabolism, and cell signaling. Available evidence suggests that nutritional deficiencies during early pregnancy lead to poor pregnancy outcomes [3, [5] [6] [7] and adversely impact postnatal growth and health [8] . Our previous in vivo studies showed that the amounts of arginine (Arg), leucine (Leu), glutamine (Gln), and glucose in the uterine lumen and their associated transporters in uterine epithelia and conceptuses increased during the periimplantation period in sheep when the conceptus is elongating rapidly [9] [10] [11] . In addition, results of in vitro studies indicated that Arg, Leu, Gln, and glucose stimulated trophectoderm proliferation via the mammalian target of rapamycin (MTOR) cell signaling pathway [12] . These results suggested that the effects of select nutrients through MTOR are required for development of ovine conceptuses. Moreover, growing evidence indicates that amino acids and glucose stimulate protein synthesis in cells and tissues; however, only recently have their roles in modulating intracellular signal transduction pathways been described [13] .
Amino acids serve not only as cell signaling molecules [8, 14, 15] but also as major energy sources for fetal-placental growth [16] [17] [18] [19] . Additionally, amino acids are key molecules in the synthesis of hormones [20, 21] and nitrogenous substances of enormous biological importance [14, 22, 23] . Of particular interest, Arg is the common substrate for production of nitric oxide (NO) and polyamines via NO synthase (NOS) and ornithine decarboxylase (ODC1), respectively [24] . NO plays important roles in regulation of placental angiogenesis [25] and uterine and fetal-placental blood flows to increase the transfer of nutrients and oxygen from mother to fetus [26, 27] . In the mouse trophoblast, NO generated by NOS2 (inducible NOS) and NOS3 (endothelial NOS) stimulates trophectoderm motility by inducing cGMP and modifying the extracellular matrix. In ovine placentomes, increases in NOS2 (inducible) and NOS3 (endothelial) activities [28] stimulate NO synthesis, which is closely associated with increases in placental vascular growth and uterine and fetalplacental blood flows in pregnant ewes [29] . For activities of NOS isoforms, guanosine triphosphate cyclohydrolase (GCH1) is a rate-limiting enzyme in the production of tetrahydrobiopterin (BH4), which is an essential cofactor for all isoforms of NOS [30] . The polyamines are also essential for placental development and mammalian embryogenesis [31] . Indeed, polyamines are required for DNA and protein synthesis and, therefore, cell proliferation and differentiation [32] . Regulation of MTOR signaling by Leu has been studied extensively in rodents [33, 34] and humans [35] . Furthermore, Arg and Leu are required for trophectoderm outgrowth and blastocyst motility in mice [36, 37] . Glucose and Gln are major nutrients for conceptuses, because they enhance trophoblast cell proliferation by activating the glutamine:fructose-6-phosphate transaminase (GFPT)-mediated MTOR (formerly known as a FRAP1) signaling pathway [7] .
The present study determined the differential effects of Arg, Leu, Gln, and glucose on expression of mRNAs and total and phosphorylated forms of proteins in the MTOR cell signaling pathway as well as translation of mRNAs for key molecules associated with conceptus development and pregnancy recognition signaling (i.e., NOS, ODC1, GCH1, and interferon tau [IFNT]).
MATERIALS AND METHODS

Preparation of Ovine Conceptuses
Using procedures described elsewhere for recovery of sheep conceptuses for use in explants cultures [38, 39] , sheep conceptuses were recovered from ewes at Day 16 of pregnancy (coincident with maximal production of IFNT by ovine conceptuses) by flushing each uterine horn with 20 ml of customized medium as detailed previously [38] . The customized medium contained approximately one tenth the amount of each amino acid and glucose present in Dulbecco modified Eagle medium/Ham F12 culture medium. The conceptuses were divided into four approximately equal portions, and each portion was cultured for 6 h in customized medium that lacked the select nutrient of interest and then cultured in 0.2 mM Arg, 0.2 mM Leu, 0.5 mM Gln, or 4 mM glucose for 18 h at 378C on a rocking platform under an atmosphere of 50% O 2 , 45% N 2 , and 5% CO 2 . After incubation, the conceptuses were homogenized and then stored at À808C until analyzed. All experiments were repeated at least three times. All experimental and surgical procedures were in compliance with the Guide for the Care and Use of Agricultural Animals in Research and Teaching and approved by the Institutional Animal Care and Use Committee of Texas A&M University.
RNA Isolation
Total cellular RNA was isolated from cultured conceptuses using TRIzol reagent (Life Technologies, Inc.-BRL) according to the manufacturer's recommendations. The quantity and quality of total RNA were determined by spectrometry and denaturing agarose gel electrophoresis, respectively.
Semiquantitative RT-PCR Analysis
The abundance of MTOR, RPS6K, RPS6, EIF4EBP1, NOS, GCH1, IFNT, and ODC1 mRNAs in conceptuses treated with Arg, Leu, Gln, and glucose were assessed using the primer sets indicated in Table 1 and semiquantitative RT-PCR as described previously [40, 41] . Briefly, isolated total cellular RNA was treated with RQ1 RNase Free-DNase1 (Promega) and then ethanolprecipitated. The cDNA was synthesized from total cellular RNA (5 lg) isolated from conceptuses using random and oligo(dT) primers and SuperScript II Reverse Transcriptase (Life Technologies). Newly synthesized cDNA was acid-ethanol precipitated, resuspended in 20 ll of sterile water, and stored at À208C. The cDNAs were diluted (1:10) in sterile water before use in PCR. The primers, PCR amplification, and verification of their sequences were conducted. Housekeeping a-actin (ACTB) primers were used to amplify a 420-bp product. After PCR, equal amounts of reaction product were analyzed using a 1.2% agarose gel, and PCR products were visualized using ethidium bromide staining. The amount of DNA present was quantified by measuring the intensity of light emitted from correctly sized bands under ultraviolet light using a ChemiDoc EQ system and Quantity One software (Bio-Rad).
Western Blot Analyses
Whole-conceptus extracts and immunoblot assays were prepared and performed as described previously [42, 43] . Conceptuses were rinsed with cold PBS and lysed by homogenization in lysis buffer (1% Triton X-100, 0.5% Nonidet P-40, 150 mM NaCl, 10 mM Tris, 1 mM ethylenediaminetetra-acetic acid, 1 mM ethylene glycol tetraacetic acid, 0.2 mM Na 3 VO 4 , 0.2 mM phenylmethylsulfonyl fluoride, 50 mM NaF, 30 mM Na 4 P 2 O 7 , 1 lg/ml of leupeptin, and 1 lg/ml of pepstatin) for 30 min at 48C. Cell lysates were clarified by centrifugation (16 000 3 g, 15 min, 48C). The protein content was determined using the Bradford protein assay (Bio-Rad) with bovine serum albumin as the standard. Proteins were denatured, separated using SDS-PAGE, and transferred to nitrocellulose, after which Western blot analysis performed as described previously [42] using enhanced chemiluminescence detection (SuperSignal West Pico; Pierce) and X-OMAT AR x-ray film (Kodak) according to the manufacturers' recommendations. All antibodies for MTOR signaling molecules, including ribosomal protein S6 kinase (RPS6K), ribosomal proten S6 (RPS6), and eukaryotic translation initiation factor 4E-binding protein 1 (EIF4EBP1), were purchased from Cell Signaling Technology (Danvers, MA) unless otherwise stated. Immunoreactive proteins were detected using rabbit anti-mouse polyclonal phospho-MTOR immunoglobulin (Ig) G (catalog no. 2971) at a dilution of 1:1000 and MTOR IgG (catalog no. 2972) at a dilution of 1:2000. Following separation of proteins on 10% SDS-PAGE gels, the following antisera were used at the noted dilutions: rabbit anti-human polyclonal phospho-RPS6K IgG (Thr421/Ser424) (catalog no. 9204; dilution, 1:1000), RPS6K IgG (catalog no. 9202; dilution, 1:2000), rabbit anti-human polyclonal phospho-EIF4EBP1 IgG (Thr37/46) (catalog no. 2855; dilution, 1:1000), EIF4EBP1 IgG (catalog no. 9452; dilution, 1:1000), rabbit anti-human polyclonal phospho-RPS6 IgG (catalog no. 2215; dilution, 1:1000), RPS6 IgG (catalog no. 2972; dilution, 1:2000), mouse anti-NOS3 polyclonal IgG (catalog no. 610297; 1 lg/ml; BD Transduction Laboratories), mouse anti-NOS2 polyclonal IgG (catalog no. 610328; 1 lg/ml; BD Transduction Laboratories), purified rabbit anti-rat GCH1 polyclonal IgG (produced by Drs. C.J. Meininger and G. Wu, Texas A&M University, College Station, TX; and catalog no. 89980, 2 lg/ml; Thermo Scientific), and purified rabbit anti-ODC1 polyclonal IgG (catalog no. HPA001536; 0.5 lg/ml; Atlas Antibodies AB). As a loading control, Western blot analysis with mouse antialpha tubulin IgG (catalog no. T5168; Sigma) was performed. Western blots were quantified by measuring the intensity of light emitted from correctly sized bands under ultraviolet light using a ChemiDoc EQ system and Quantity One software (both from Bio-Rad).
Statistical Analyses
All quantitative data were subjected to least-squares analyses of variance [44] using the general linear models procedures of the Statistical Analysis System (SAS Institute, Inc.). Western blot data were corrected for differences in sample loading using the alpha-tubulin data as a covariate. All tests of significance were performed using the appropriate error terms according to the expectation of the mean squares for error. A P-value of 0.05 or less was considered to be significant. Data are presented as least-square means with SEM.
RESULTS
Effects of Arg, Leu, Gln, and Glucose on mRNA Expression in Conceptus
To investigate whether select nutrients increased expression of MTOR, RPS6K, RPS6, EIF4EBP1, NOS2 (inducible), NOS3 (endothelial), GCH1, ODC1, and IFNT mRNAs, semiquantitative RT-PCR analyses were performed on RNA extracted from conceptuses (Fig. 1) . All genes except GCH1 were present in the ovine conceptus and expressed in control and treated conceptuses. However, treatment of conceptuses with Arg increased GCH1 mRNA levels by 2.2-fold (P , 0.01).
Effects of Arg on Protein Synthesis in Conceptus
We previously reported [12] that Arg activates RPS6K and RPS6 and increases phosphorylation of MTOR signaling molecules in ovine trophectoderm cells. Therefore, we determined effects of Arg on explant cultures of ovine conceptuses to stimulate protein synthesis via activated MTOR, 1140 which may contribute to conceptus development and differentiation. The effects of Arg on the relative abundance of both total and phosphorylated forms of MTOR signaling proteins in conceptuses were determined by Western blot analysis. Compared with the control explant cultures of conceptuses, Arg increased levels of total MTOR and RPS6K by 2.4-and 2.3-fold (P , 0.01), respectively, as well as phosphorylated MTOR and RPS6K by 2.4-and 2.8-fold (P , 0.01), respectively ( Fig. 2A) . The addition of Arg to culture medium also increased total RPS6 and EIF4EBP1 by 3.1-and 3.2-fold (P , 0.01), respectively, and phosphorylated forms of RPS6 and EIF4EBP1 proteins by 3.2-and 4.9-fold (P , 0.01), respectively (Fig. 2B) . However, the ratio of the phosphorylated to the nonphosphorylated form of the proteins was not altered. Arg also increased synthesis of IFNT, ODC1, NOS2, and NOS3 by 2.3-, 2.0-, 2.1-, and 2.3-fold (P , 0.01), respectively (Fig. 2C) .
Effects of Leu on Protein Synthesis in Conceptus
In the present study, Leu increased total MTOR and RPS6K by 2.0-and 1.9-fold (P , 0.01), respectively, as well as phosphorylated MTOR and RPS6K by 1.9-and 1.8-fold (P , 0.01), respectively (Fig. 3A) . Western blot analyses of conceptus extracts indicated that Leu increased the abundance of RPS6 and EIF4EBP1 by 2.0-and 2.2-fold (P , 0.01), respectively and of phosphorylated RPS6 and EIF4EBP1 proteins by 2.1-and 2.3-fold (P , 0.01), respectively. However, no significant difference was found in the ratio of the phosphorylated to the nonphosphorylated form of the proteins. Furthermore, Leu did not affect the abundance of IFNT, ODC1, NOS2, NOS3, and GCH1 proteins in conceptuses.
Effects of Gln on Protein Synthesis in Conceptus
In conceptuses treated with Gln, total MTOR, RPS6K, and phosphorylated RPS6K proteins increased 1.8-, 1.9-, and 1.9-fold (P , 0.01), respectively, but phosphorylated MTOR did not increase in response to Gln (Fig. 4A) . Total RPS6 and EIF4EBP1 proteins increased by 2.2-and 2.3-fold (P , 0.01), respectively, and phosphorylated RPS6 and EIF4EBP1 proteins increased by 2.3-and 2.8-fold (P , 0.01), respectively, in response to Gln treatment. However, the ratio of the phosphorylated to the nonphosphorylated form of these proteins was not different. Gln did not increase expression of ODC1, NOS2, and GCH1 proteins but did increase the abundance of NOS3 by 2.0-fold (P , 0.01).
Effects of Glucose on Protein Synthesis in Conceptus
The abundance of total MTOR, RPS6K, phosphorylated MTOR, and phosphorylated RPS6K proteins was increased 2.3-, 2.4-, 2.4-, and 2.8-fold (P , 0.01), respectively, by glucose. Treatment of conceptuses with glucose also increased total RPS6 and EIF4EBP1 proteins by 3.3-and 2.3-fold (P , 0.01), respectively, and phosphorylated RPS6 and EIF4EBP1 by 2.9-and 4.9-fold (P , 0.01), respectively (Fig. 5B) . For conceptuses treated with glucose, the ratio of phosphorylated to total EIF4EBP1 was increased 2.2-fold (P , 0.01). Glucose did not affect the abundance of IFNT in cultured medium (data not shown) or conceptuses. However, glucose increased the abundance of ODC1, NOS2, and GCH1 proteins by 2.1-, 2.2-, and 2.1-fold (P , 0.01), respectively. 
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DISCUSSION
In both yeast and mammals, MTOR regulates transcription, rRNA processing, and mRNA translation. Inhibition of the MTOR signaling pathway with rapamycin or by nutrient starvation results in a down-regulation of transcription of mRNAs [45, 46] as well as tRNAs and rRNAs [47, 48] . Therefore, we first determined whether Arg, Leu, Gln, and glucose induced gene expression in vitro in explant cultures of ovine conceptuses from Day 16 of pregnancy. Concentrations of amino acids and glucose in the medium were in the physiological range (i.e., between 0 and 4 mM), as we reported previously for ovine fetal fluids [49] . Results from the present study indicated that Arg, Leu, Gln, and glucose do not induce gene transcription except for an Arg-induced increase of GCH1 mRNA expression. This effect of Arg on GCH1 gene transcription is interesting, because GCH1 mRNA is normally very abundant in ovine conceptuses during the peri-implantation period of pregnancy [50] . GCH1 is the key enzyme for synthesis of BH4, an essential cofactor for activity of all NOS isoforms [51] , so increased GCH1 expression would stimulate NO synthesis through increased activity of NOS isoforms. This hypothesis could explain the ''arginine paradox,'' which refers to the dependence of cellular NO production on exogenous Arg administration despite the fact that NOS enzymes are theoretically saturated with intracellular Arg. Further investigation is needed to determine the mechanism whereby Arg stimulates transcription of GCH1 gene and whether GCH1 expression supports cell growth by increasing NOS activity.
FIG. 2. Effects of Arg on protein synthesis in ovine conceptus explants cultures. A and B)
In response to Arg (solid bars), the abundance of both phosphorylated (active) and nonphosphorylated proteins in the MTOR cell signaling pathway increased as compared to control medium (open bars), but the ratio of phosphorylated to nonphosphorylated proteins was not different. C) IFNT and proteins in the NOS pathway responsible for production of NO increased in response to Arg. Data are expressed as the mean 6 SEM (n ¼ 4). The asterisk (*) denotes a significant (P , 0.01) effect of Arg.
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We next examined expression of proteins in ovine conceptuses cultured with Arg, Leu, Gln, and glucose. The results indicated that these select nutrients increased both synthesis of key proteins and their phosphorylation status, although the ratio of the phosphorylated to the nonphosphorylated form was not different. Reports from cell culture and animal studies have demonstrated that amino acids increase protein synthesis via stimulation of the MTOR cell signaling pathway [52] [53] [54] . This effect may reflect either an increase in the synthesis or a decrease in the degradation of proteins [55, 56] . Although we previously reported [12] that Gln failed to change the levels of phosphorylated proteins in the MTOR cell signaling pathway in ovine trophectoderm cells, Gln did increase protein synthesis in explant cultures of Day 16 ovine conceptuses in the present study. These differential effects of Gln on ovine trophectoderm cells versus conceptus explant cultures may result from the differential activity of GFPT because of the availability of glucose and Gln [7, 57] . In human and animal cells, Gln and glucose can be converted to glucosamine-6-phosphate through GFPT, which catalyzes the first and rate-controlling step in the formation of hexosamine products. These products, including glucosamine-6-phosphate and uridine diphosphate-N-acetylglucosamine, are key regulators in the MTOR pathway that may be involved in protein synthesis [7, 58] . GFPT activity increases in the presence of high glucose in a concentration-dependent manner in bovine, rat, and human endothelial cells [57] . Similarly, increasing concentrations of Gln in medium with high glucose increased 
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GFPT activity and cell proliferation [57, 59] . During elongation of ovine conceptuses, an increase occurs in transport of glucose in the uterine lumen and glucose uptake by conceptuses that is coordinated with increased expression of glucose transporters in uterine epithelia and conceptus trophectoderm [10] . Therefore, the effect of Gln on conceptus tissues could be to activate GFPT for production of greater amounts of substrate for MTOR cell signaling than would occur in ovine trophectoderm cells. Differential effects of Arg and Leu versus Gln are particularly noteworthy: MTOR represents a bifurcation point for distal parallel signaling pathways, leading to the phosphorylation of EIF4EBP1 and RPS6K, and it appears to represent a signal integration center for the stimulatory effects of growth factors and nutrients, including glucose, on cellular functions [60] [61] [62] .
Glucose is a primary energy source for developing conceptuses, and its availability for oxidation and glycolysis increases between Days 13 and 19 of pregnancy [63, 64] , which is coincident with the rapid elongation of ovine conceptuses to the filamentous form [6] . Glucose stimulates RPS6K via MTOR kinase, which functions as an ATP sensor [65] and as a mitogen for trophoblast cell growth and proliferation through the GFPT-mediated MTOR cell signaling pathway [7] . In the present study, glucose, unlike the amino acids examined, increased the EIF4EBP1 phosphorylation compared to total EIF4EBP1. Decreased phosphorylation of EIF4EBP1 is one of the cell survival mechanisms [66] . During glucose deprivation, cells minimize energy availability and activate 5 0 adenosine monophosphate-activated protein kinase, which leads to inactivation of the MTOR pathways and inhibits
FIG. 4. Effects of Gln on protein synthesis in ovine conceptus explants cultures. A and B)
The abundance of total MTOR was increased by Gln (solid bars) as compared to control medium (open bars), but Gln did not induce an increase in phosphorylated MTOR. However, proteins downstream of MTOR in the pathway, both nonphosphorylated (inactive) and phosphorylated (active) forms, increased, but the ratios between the two forms were not different. C) Gln treatment did not affect the abundance of IFNT or proteins in the NOS pathway for production of NO except that Gln increased the abundance of NOS3. Data are expressed as the mean 6 SEM (n ¼ 4). The asterisk (*) denotes a significant (P , 0.01) effect of Gln.
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protein synthesis, resulting in protection from apoptosis. In contrast, our results indicate that the accelerated rate of protein synthesis in response to glucose is coordinate with increased amounts of inactive EIF4EBP1 and increased phosphorylation and activation of RPS6K and RPS6 [67] [68] [69] .
We also determined whether Arg, Leu, Gln, and glucose increased the abundance of NOS2, NOS3, ODC1, GCH1, and IFNT proteins in explant cultures of ovine conceptuses, because molecules that stimulate MTOR activity in trophectoderm can stimulate translation of mRNAs critical to conceptus development, including ODC1 and NOS [37, 70] . Results of the present study provide the initial evidence that amino acids and glucose affect expression of NOS3, GCH1, and ODC1 in ovine conceptuses and that their effects are likely mediated through increased phosphorylation and activation RPS6K and EIF4EBP1. Indeed, expression of NOS isoforms and ODC1 proteins is essential for conceptus development, because Arg is the common substrate for producing NO and polyamines via arginase and ODC1, respectively, as well as stimulating intracellular signaling, cell proliferation, and protein synthesis [71, 72] . It is important to note that expression of GCH1 protein is essential for BH4 production and activities of all NOS isoforms. We reported that GCH1 activity is positively correlated with NO production in ovine placentae and uterine endometria between Days 30 and 140 of pregnancy [28] and is greatly influenced by changes in BH4 availability [51] . Available evidence indicates that expression The ratios between the two forms of the proteins were not different except that the ratio was increased (P , 0.01) for phosphorylated EIF4EBP1. C) The abundance of ODC1, NOS2, and GCH1 proteins increased in response to glucose, but no effect was found on abundance of IFNT or NOS3 protein. Data are expressed as the mean 6 SEM (n ¼ 4). The asterisk (*) denotes a significant (P , 0.01) effect of glucose.
SELECT NUTRIENTS AND OVINE CONCEPTUS DEVELOPMENT of GCH1 protein and mRNA may be differentially regulated at the transcriptional and translational levels [51, 73] .
Our previous findings and the results of the present study clearly indicate that select nutrients in the uterine lumen are key molecules influencing mechanisms responsible for elongation of ovine conceptuses during the peri-implantation period [74] . First, conceptuses exhibit a switch in their energy substrate from pyruvate to glucose at the blastocyst stage, which is coordinate with increased expression of glucose transporters, such as solute carrier family 2 (facilitative glucose transporter), member 1 (SLC2A1) and solute carrier family 5 (sodium/ glucose cotransporter), member 11 (SLC5A11), by conceptuses and uterine epithelia in response to progesterone and IFNT [10] . At this time, glucose may stimulate MTOR through hexosamine biosynthesis and the ATP-sensing pathway. Second, in the presence of a high-glucose environment, significant increases in amino acids in the ovine uterine lumen occur coincident with expression of amino acid transporter genes (SLC7A1 and SLC7A2) in response to progesterone and IFNT [11] . In the present study, Arg increased IFNT protein in ovine conceptus explant cultures; therefore, Arg could further stimulate expression of nutrient transporters by the uterine epithelia because of its action to increase production of IFNT. These stimulatory effects of Arg are supported by our previous results [12] from in vitro studies with trophectoderm cells indicating that Arg increases proliferation of ovine trophectoderm cells by 12-fold and migration by 3.3-fold. Third, increased expression of isoforms of NOS and ODC in response to Arg contribute to the production of NO and polyamines, which can differentially activate MTOR Complex 1 (MTORC1) and MTOR Complex 2 (MTORC2) for remodeling of conceptus trophectoderm during rapid elongation of the conceptus [75] .
In conclusion, Arg, Leu, Gln, and glucose differentially increase the abundance of NOS2, NOS3, ODC1, GCH1, and IFNT proteins in explant cultures of Day 16 ovine conceptuses. These effects are associated with increased abundance of phosphorylated and activated MTOR, RPS6K, and RPS6 proteins as well as inactivation of EIF4EBP1. The inactivation of EIF4EBP1 through phosphorylation results in its release from EIF4E, and this allows translation of mRNAs to proceed [76] . Results of the present study are important in advancing our understanding of the role of select nutrients in increasing expression of cell signaling molecules that affect conceptus growth, development, and survival through stimulation of mRNA translation and/or protein synthesis during the periimplantation period of pregnancy.
